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The creativity that underlies excellence is a highly prized characteristic; however, at the present time there is no validated, objective measure or procedure that quantifies it.  The peer review of scientific ideas and accomplishments involves assessing creativity and excellence but without an objective measure this assessment is prone to subjectivity and bias.  Here, we present for the first time an objective measure of creativity.  This capability is likely to have important implications for structuring a system of peer review.

	To decide on proposals for funding, most agencies use a selection procedure that can be accurately described as statistically flawed.  Instead of randomly selected reviewers from a pool of qualified individuals, administrators select reviewers based on perceived expertise.  Because proposals are usually large and arcane, only a few reviewers actually read each proposal.  The use of 2-4 reviewers is too small a sample size to allow for powerful statistical analysis (1).  Most funding agencies convene the reviewers so that the proposals can be discussed but the discussion eliminates independent evaluation which contravenes principles of sampling.  Finally, since statistical analysis in this system cannot be powerful, the reviewers are required to provide unrealistically precise scores for each application (1).  This level of precision is required to distinguish among many proposals.  

	Although this system has been successful in fostering incremental advancements, it has two deficiencies probably related to the potential of fostering bias.  First, there are no objective means of assessing the quality of individual reviews and consequently individual decisions.  It seems likely that excellent proposals, that are responsible for incremental progress, are funded by the current peer review system but at the same time it seems likely that many mediocre proposals, that do not contribute to incremental progress, are also funded.  Thus, this system is likely to be inefficient.  Second, the currently popular system for social choice at funding agencies has not been successful at identifying innovative, transformative studies that have the potential to advance science in large steps (2-4).  

We have previously proposed that descriptive statistics associated with the distribution of scores of proposals obtained in a statistically appropriate system of sampling and analysis would be able to identify and measure both excellence and innovativeness (2).  In this system many reviews (>30) are obtained, the reviewers are randomly selected from a pool of qualified persons, the reviewers provide independent opinions without meeting to reach a consensus, and the scoring scale is low-precision, i.e. it is not excessively fine-grained.  It was proposed that in a statistically robust system the mean evaluation measures the degree of excellence and creativity of the proposal and kurtosis and/or variance measures are proxies for the degree of innovativeness of a research project or its capacity to transform scientific understanding and/or technology.

As an initial test of the hypothesis that the mean is correlated with the excellence and creativity of a proposal, we conducted a controlled experiment with approximately 120 undergraduate students.  Each student was assigned to review 4 proposals for short movies on a scale from 1 to 5. Movie proposals were chosen as the topic of the proposals since most students have reasonable competence to evaluate them.  This procedure allowed us to draw a large number of ratings on each proposal and consequently to make meaningful statistical analyses.  

The four proposals were randomly drawn from a pool of ten proposals.  In turn, the ten proposals were composed of five pairs.  Proposals were generated by selecting excellent short films (around 5 minutes long) that could be accessed on YouTube.  These 5 films were judged to be excellent based on their winning awards from film festivals (4 out of 5) and by being used as the inaugural theme film for a film festival (1 of 5).  The 5 films have had an average of approximately 180,000 viewings on YouTube, which is another indicator of their excellence.  

The movies were also selected because their excellence could be clearly and unambiguously assigned to a specific creative element that could be readily modified in order to eliminate or depreciate the excellence of the proposal.  A proposal for a movie was abstracted from each of the 5 short films selected.  For each of these creative or excellent movie proposals, a paired proposal was written with the identified creative element modified in order to neutralize or eliminate its creative effect.  Thus, the matched pairs are controlled for the manipulated element.  In this way, we have been able to isolate specific creative elements in order to measure them.

We have included all of the proposals used in this study as Supplemental Information.  In this way, readers will be able to judge for themselves whether we have reasonably identified the crucial creative elements in proposals from the excellent short films found at YouTube and whether we have successfully modified, depreciated, neutralized, or eliminated the identified creative elements in the paired proposals.

The 4 out of 10 proposals assigned to each subject were randomly drawn with the constraint that no individual would receive both proposals from any given pair.  On average, each proposal received 48 ratings.  Of course, the subjects were blinded to the nature of the research. 











Mean difference (s.e.)	0.50*** (0.09)
Mean difference within pair (from pair fixed effect regressions) (s.e.)	0.49*** (0.09)
Number of observations	237	243






Figure 1: Distribution of the ratings for conventional and creative proposals
	

To our knowledge, this experiment is the first to look at the ability of rating summary statistics to provide objective, synthetic measures of the creativity of a project that underlies its excellence.  Excellent versus conventional proposals could be distinguished by the mean scores with a high level of statistical significance.  The range of means for the excellent proposals did not even overlap with the range of means of the conventional proposals.  It should also be noted that the other moments of the distribution (variance, skew, and kurtosis) did not show any statistically significant differences (data not shown).  

We believe that an objective measure of the creativity that underlies excellence is valuable.  Although it is clear that current structures of peer review have allowed for incremental advancement in scientific understanding and technology, it is not clear that the rankings that are produced by funding agencies such as MRC, NIH, and NSF are correlated with excellence.  We do not know how efficient these rankings are in identifying excellence.  Moreover, even if a single non-randomly selected group of reviewers could reliably and specifically identify creativity, it is not certain if this characteristic could be reasonably generalized since subjective reviewer selection is likely to play an important role in the functioning of each specific group of reviewers.  

We propose that a system of social choice rigorously based on the principles of statistical sampling and analysis will provide reliable, accurate, precise, and powerful analyses of proposals.  Although the scoring of creative elements that underlie excellence for proposals of short films may be different than the scoring of creative elements that underlie the excellence of scientific projects, we believe that the fundamental principles that animate our results are likely to pertain.  A similar study of the creative elements in scientific projects would be necessary to ascertain the validity of this belief.  

Our finding that the sample mean correlates with the creative elements and excellence of proposals is most likely due to our adherence to the accepted principles of sampling.  This sampling paradigm allows us to use statistical analysis which is the most powerful technology for the evaluation of data.  A similar structure for peer review of scientific proposals could be used to identify creative and excellent proposals more precisely and definitively than now and it could useful in decreasing bias in funding decisions.

A major purpose of our analysis is to provide an objective measure of creativity.  Our results indicate that a single creative element is responsible for 0.5 scoring units of a 5-grade scale.  This estimate is surprisingly consistent among the 5 proposal pairs.  It is interesting to speculate and presumably more interesting to investigate how 2 or more creative elements might interact and subsequently be reflected in the descriptive statistics of scores.  An investigation of this sort could be readily accomplished with the procedures we have described here.

Intuitively it has been assumed that means of scores involving films correlate with excellence.  Thus, films are evaluated by large numbers of reviewers at many different websites such as rottentomatoes.com.  Our studies give validity to the means which are reported at these sites although it should be noted that the selection procedures we used and self-selection used at most websites are not identical. It is hard to assess a priori the degree of influence on the mean that is exerted by the different selection procedures.  Additionally, we used written proposals instead of short films.  We propose that an analogous technology could be used to assess creative elements in films.
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